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ABSTRACT:  
In this thesis, the hydrogen bondings (HBs) and the effects of various HBs and thermally induced 
exchanges of them on cold crystallization and melting of biodegradable polymer 
poly(3-hydroxybutyrate) (PHB) blended with poly(4-vinylphenol) (PVPh) were studied on the 
as-cast films as a function of the blend composition wPVPh and temperature T by using Fourier 
transform infrared spectroscopy, differential scanning calorimetry, and wide-angle X-ray diffraction. 
The spectra in the C=O stretching vibration region was decomposed into elemental spectra 
attributed to the intermolecular hydrogen bondings with the OH groups of PVPh, the free C=O 
group, and the intramolecularly hydrogen bonded with one of the C-H group in CH3 of PHB 
(designated as inter, free and intra, respectively) to determine the respective fractions, finter, ffree, and 
fintra. We also explored the isothermal crystallization process of poly(3-hydroxybutyrate) by means 
of simultaneous measurements of time-resolved wide-angle X-ray diffraction (tr-WAXD) and 
small-angle X-ray scattering (tr-SAXS) methods. Meanwhile, two-dimensional correlation 
spectroscopy (2D-COS) and multivariate curve resolution-alternating least squares (MCR-ALS) 
were successfully employed for the analysis of tr-SAXS and tr-WAXD results, and the results 
elucidated a multistep crystallization process of PHB as a function of isothermal crystallization 
time.  
1. Composition Dependent Study of PHB/PVPh Blends by FTIR 
It is found that the competing hydrogen bonding interactions of inter and intra is a crucial physical 
factor underlying the basic physics of the blends with respect to ordering via crystallization and 
miscibility. The exchange between inter and intra in PHB/PVPh blends occurs through the creation 
of the free C=O groups (via dissociations of inter and intra), and hence it crucially depends on the 
mobility of the surrounding media where free C=O groups exist (Macromolecules 2010, 43, 3897.). 
2. Temperature Dependent Study of PHB/PVPh Blends by FTIR 
The crystallizable PHB molecular chains and noncrystallizable PVPh chains are found to be 
incorporated in polymer networks formed by physical cross-linking points composed of inter and 
intra. Temperature-dependent variation of the physical cross-links is intimately related to the 
thermally induced exchanges of the hydrogen bondings. The miscibility of PHB/PVPh blends is 
enhanced but the crystallization rate of PHB in the blends is suppressed by these physical 
cross-links. Moreover, both the crystallization and the melting of PHB/PVPh blends occur in a 
two-step process (Macromolecules 2011, 44, 2229.). 
3. Isothermal Crystallization Process of PHB by SAXS and WAXD 
During the isothermal crystallization process of PHB, amorphous melts are first transformed into 
the intermediate mesomorphic structure, and subsequently transformed into the lamellar crystallites 
with crystallization time. Moreover, the SAXS profiles occurs to increase prior to the WAXD 
profiles, indicating that the density fluctuations in PHB amorphous melts occur prior to the 
formation of intermediate mesomorphic structures and after the intermediate mesomorphic 
structures are formed in the dense domains (Macromolecules 2012, 45, 313.). 
